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Abstract 
In the present paper the experimental research dedicated to derivation of anhydrite binders with improved physical and mechanical 
properties. The positive influence of dispersed additives to technological properties of anhydrite compositions was determined. The 
mechanism of the influence of technogenic fine-dispersed additives to the structure and properties of anhydrite matrix is discovered. The 
anhydrite compositions were selected and the rational areas of its application in the building industry were offered. 
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1. Introduction 
The creation of materials and products meant for building industry appointment with upgrading physical-mechanical 
characteristics is possible due to the application of composite binding components. The properties of binding components 
can be expected by means of regulation of chemical composition and physical properties of the modifiers [1–7]. One of the 
directions of material structure control which possesses the highest priority is the introduction of modifying additives with 
high specific surface [8–12]. Different additives which regulate the binder properties can be applied for creation of 
composite anhydrite binders (CAB). The fine-dispersed additives of technogenic origin are the most promising. In this case 
the galvanic production [13–15] and petrochemical factories [9, 16, 11] are objects of specific attention because they are 
dangerous sources of pollution of the environment. These factories produce the fine-graduate solid waste such as galvanic 
sludges and worked-out powdery catalysts. Being in a disintegrated state these powders have the advantages if being 
compared with natural raw materials, because they exclude the grinding operation [17]. The application of finely-dispersed 
powders in a CAB as the modifying additives will allow to rise the physical and mechanical properties of anhydrite binders 
and will extend the spheres of its application in the building industry.  
2. Materials and research methods 
In the experiment the anhydrite from Ergachevskoe field (Perm district) was used. The rock was milled until the specific 
surface reached the value of 380 m²/kg. The boosting of hydrating and hardening processes of the anhydrite binder was 
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achieved due to the introduction of sulfurous salts of sodium: bisulfate and bisulfite. The following compounds were 
investigated as modifying additives: 
1. The galvanic sludge (GS) from the factory “Open Joint Stock Company “Aksion-Holding”. This sludge is the waste 
originated from plating coatings and surface treatment. The sludge is the product of acids flow (H2SO4, H2SO3, HCl, HF, 
HNO3) neutralization with the help of alkali liquor (NaOH, Na2CO3) used in galvanic production. 
2. The galvanic sludge from the factory “Open Joint Stock Company Mining and Metallurgical Company “Norilsk Nickel” 
(Norilsk city) named carphosiderite (CS). This sludge is the waste of nickel powders production. Its production involves 
the powder derivation from water solution of nickel salts with a help of electrolytic method with following drying and 
thermal treatment in reducing environment. 
3. The chromia-alumina catalyst (ACC) from the petrochemical factory “Open Joint Stock Company “Uralorgsintez” 
(Tchaikovsky city). It is a waste which received in the process of oil retreatment. 
To determine the chemical structure the powders were pre-dried at the temperature of 100 °C and examined with the help 
of X-rays structural method and also scanning electron microscopy.  
The X-rays phase research were performed on X-rays difractometer “DRON-3” with cooper anticathode (Сukα,  
λ = 0.154178 nm). The decoding of the data was made according to the techniques explained in [25], [26].  
The study of powders microstructure was carried out with the help of scanning electron microscopes JSTM 330A, JSM – 
7600F and Phenom G2.  
The average diameter of particles and their specific surface were defined by Blain method with the help of PSH-9 and 
laser analyzer of particles’ size LA-950. The physical-chemical characteristics of powders are shown in the Table 1. 
The losses of ignition of powders were determined on proof samples with 50±0.1 g mass, with allowable difference of 
the two following measurements equals 0.02 g.  
For preparing mortar mixes water which is relevant to State Standard 23732-79 [28] was used. The pH-value of the water 
extract of prepared solutions all examinations were made with the help of the device “pH 150 MI”. 
Table 1. Physical-chemical characteristics of technogenic powders  
Material GS CS ACC 
Density, g/cm³ 3.57 3.00 3.50 
Ph-water’s extraction  11.00…11.04 4.38…4.40 7.26…7.28 
Specific surface, m/kg² 500…505 950…1000 1340…1350 
Losses occurred during burning, % – 22…25 – 
Moisture content 0.86…1.83 – 0.89…1.37 
 
For the pursuance of the research the test beams 40x40x160 mm were fabricated. The samples were kept in air-dry 
environment and tested on the 7th and the 28th days. The sample tests were carried out in accordance with (State standard 
31376-2008; State standard 23789-90), as a result the values of compressive strength flexural strength aged 7th and 28th days 
were taken, this values are given in table 3.  
As the parameters under study the following indexes were chosen in anhydrite compositions: flowability and water 
requirement, compressive strength and flexural strength, average density and resistance to water attack (Ksf), water 
absorption and water-retention ability and also mortar mixes setting time. All above-mentioned technological properties 
were determined regarding with State standard 31376-2008. 
3. Discussing the result 
The physical-chemical properties of powders under research such as alumo-chrome catalyst, carphosiderite, galvanic 
sludge were determined for effective application of technogenic wastes.  
The X-ray phase analyses of chromia-alumina catalyst shown that mineralogical composition was essentially presented 
by Cr2O3 chrome dioxide (dα = 3.582; 2.660; 1.820; 1.228 Å) and α-Al2O3 aluminum oxide (dα = 2.570; 2.390; 1.980; 1.550 
Å). There is an amorphous corundum γ-Al2O3 (dα = 3.500; 2.100; 1.410 Å) appearing on the spectrum in interval 2Theta = 
24 – 67 ° (see Fig. 1(a)) [18]. There are small amounts of silicon oxide (α-SiO2) and magnesia (MgO).  
Mineralogical composition of carphosiderite (see Fig. 1(b)) demonstrated the occurrence of a crystalline ferrous sulphate 
H3O·Fe3(SO4)2·(OH)6 (dα = 4.771; 3.992; 2.460; 1.577 Å). 
Mineralogical analysis of galvanic sludge educed the significant content of goethite α-FeO[OH], hematite α-Fe2O3, 
calcite CaCO3. There are small amount silicon oxide (α-SiO2), nickel oxide (NiO), zinc oxide (ZnO) and cooper oxide 
(CuO) which are classified as an impurities.  
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The analysis of chemical content and properties of galvanic sludge educed its low modifying ability in relation to the 
binder component. 
That is why the baking of additive was applied at optimal technological mode (temperature and curing period). 
The necessity of GS baking treatment is explained by following reasons: destruction of organic agents, decarbonisation 
of calcite with formation of calcium oxide or calcium ferrites with different basically index as a result of interaction with 
iron oxide. 
a) 
 
b) 
 
c)  
 
Fig. 1. X-ray diffraction patterns of additives: a – ACC; b – СS; c – GS 
The best modifying ability was shown by the galvanic sludge baked at the temperature 800 °C for 1 hour [14]. The losses 
occurred during baking were 22-25%. The chemical content determined with help of X-ray phase analysis educed the 
occurrence of crystalline phases of calcium ferrite CaO·Fe2O3 (dα = 4.589; 3.505; 1.506; 1.412 Å), maghemite γ-Fe2O3  
(dα = 4.427; 2.325; 1.819 Å) and magnetite Fe3O4 (dα = 4.951; 2.974; 1.483 Å), which was formed as a result of hematite  
(α–Fe2O3) baking process in reducing environment. This reducing environment (CO2) occurred due to decarbonization of 
calcite [19]. The data on chemical content of technogenic additives are presented in Table 2 and on the Fig. 1(a–c). The data 
of Ph of the prepared solution with added baked GS shown the condition of alkaline environment (Table 1). The alkaline 
environment occurs as a result of CaO·Fe2O3 hydration. Also the alkaline environment was set in the solution containing the 
ACC powder. Perhaps it is connected with the formation of magnesium hydroxide (Mg(OH)2) and aluminum hydroxide 
(Al(OH)3).  
Thus, the application of powders GS and ACC to binding system “binder – sulphate activator” could be efficient as an 
intensifier of hydration process meant for insoluble anhydrite based on combined mechanism, which includes alkali 
component and sulphate additive [20].   
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The analysis of powder particle specific surface was carried out with help of Blain method. It allows to classify the 
powders as highly dispersed additives [21]. The granulometric analysis of powders under research provided with laser 
particle analyzer confirms its high dispersability (Table 2). At the same time the analysis of microstructure allows to speak 
about the presence of smaller particles with high defective form (Fig. 2(a–c)). The difference of the experiment data can be 
explained by agglomeration of highly dispersed additives as a result of its high physical-chemical activity. It is well known 
[22] that the form and character of particle surface make its influence on not only sizes of permolecular growths but also on 
mechanical link between a binder component with dispersed additive. That is why the mechanical adhesion and number of 
contacts will increase as a result of interaction between binding component with dispersed additive. 
Table 2. Chemical compound of modifiers 
Oxide’s content, % 
Type of additives 
GS CS ACC 
SiO2 2.85 – 9.23 
CaO 23.17 – – 
CO2 18.19 – – 
ZnO 3.07 – – 
Cr2O3 – – 17.40 
Fe2O3 44.92 49.83 – 
CuO 2.20 – – 
NiO 1.84 – – 
H2O 1.28 16.86 – 
Al2O3 2.48 – 68.90 
SO3 – 33.31 – 
MgO – – – 
Others – – 4.13 
 
 
                                                              a                                                               b                                                              c 
Fig. 2. The microstructure of investigating additives to different amplifications:  
a – GS baked at 800 °C (x 5000); b – CS (x 8000); c – ACC (x 7000) 
For preparation of mortar mixes the sulfurous salts of sodium were preliminary mixed with water after the super 
plasticizer C-3 was added at rate of 0.3–0.5% to binding mass together with the modifying additives. For anhydrite binders 
modified by GS sodium bisulfate (NaHSO4·H2O) was used as an activator. Its content was 0.75% mass of binder. For 
anhydrite binders modified by CS and ACC sodium bisulfite (NaHSO3) was applied as an activator. The added amount of 
activator was 0.7% mass of binder. The modifying additives such as ACC, GS, CS were added to binder at the rates of 0–
15%, 0–5%, 0.5–5% mass of binder correspondingly. The ground anhydrite was added by modify suspensions. When the 
homogeneity was achieved the mortar mixes were casted into forms and compacted. The water requirement was understood 
as a rate of 0.21–0.31 in accordance with necessary technological characteristics (Table 4) of the mortar mixes (cohesion, 
flowability). 
The optimal concentration for GS presented 0.3–0.5% to binding mass. Optimal concentrations for ACC and CS were 
5% and 1% to binding mass. 
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All modifying additives in interval of optimal concentrations enhance the technological properties of anhydrite 
compositions. The modifiers allow to reduce the setting time of mortar mixes but demandable flowability is persisting. The 
application of GS promotes to reduce the initial of setting time to 23% and the final of setting time to 30%. The application 
of CS allows to reduce the initial of setting time to 26% and the final of setting time to 46%. Mainly the usage of ACC 
doesn’t influence to the setting time (initial and final) and to the water absorption. The water absorption of anhydrite 
samples was decreased in the mean to 12–19% with usage of GS. The application of CS promotes to decrease the water 
absorption to 8%. Also the water-retention ability is increasing with applying of modifying additives. The monotonous 
increase of durability by adding of low concentrations of modifiers (till optimal concentration) to anhydrite binder was 
established. The excess of content of modifiers leads to decrease in strength properties of anhydrite compositions. The 
essence of processes is explaining by formation of structural film around dispersed additives. It provides the formation of 
increasing imporosity and strength properties to anhydrite matrix. The decreasing of strength properties of anhydrite 
compositions which observing at higher contention in binder is explaining of binding deficit for forming the structural films 
around to addition of dispersed additives (Table 3). 
The principle of ACC action concludes in capability of hydration intensification and structuring processes in anhydrite 
binders. The data of X-ray phase analysis, differential thermal analyses and IR spectroscopic analyses showed the increase 
of gypsum part and decrease of anhydrite part in a modified sample in comparison with control sample [10].  
The addition of CS into anhydrite compositions improved the strength properties. Regarding with pH-values of mortar 
mixes (Table 3) the addition of CS is conducting the acid media formation pH = 5.14–6.98. In accordance with [23], the 
acid media is auspiciously influences on anhydrite to gypsum. The CS additive compacts the surface of solidified samples. 
It decreases the possibility of bloom’s formation with using sodium bisulphate.  
Anhydrite compositions, modified by baked GS are possessing increaser strength properties and water resistance in 
comparison with control sample. It is connected with hydration process of calcium ferrites. The durability of gypsum stone 
is rising with the passing of time. Evidently, the occurrence of iron oxide γ-Fe2O3 promotes to surface hardening of samples. 
The analyses of physical and technical properties of compositions showed that the additives allow to modify the 
morphology of hydrated phases in the direction of dispersed crystallohydrates with following increase of the strength. The 
irregular and loose structure of samples is creating without addition of modifiers. This structure consists of large gypsum 
crystals with singular contacts of coalescence. It brings to large pores formation and decreases the strength properties of 
compositions.   
Table 3. Physical and mechanical properties of anhydrite compositions  
# 
Con. 
% 
Compressive strength/ 
flexural strength [MPa] Density ρ  
[kg/m³] 
Softening Factor, 
Ksf 
Water absorption 
nw [%] 
7th  28th  
Galvanic sludge 
C1 – 2.17/0.31 5,95/0,62 1950 – 22.10 
1 0.3 4.07/0.48 12.38/1.40 1875 0.67 8.33 
2 0.5 5.80/0.65 10.71/1.23 1974 0.56 7.09 
3 2 5.87/0.49 4.63/0.38 1876 0.77 4.67 
4 5 4.34/0.30 5.65/0.41 1858 0.67 7.39 
Chromia-alumina catalyst 
C2 – 2.87/0.48 6.30/0.61 1810 – 18.20 
5 1 11.01/1.60 14.11/1.64 1730 0.20 9.75 
6 5 12.70/2.77 17.40/1.96 1742 0.39 16.50 
7 10 10.53/1.02 15.20/1.67 1700 0.30 9.62 
8 15 7.52/0.82 9.08/1.02 1743 0.38 12.24 
Carphosiderite 
9 0.5 7.73/0.80 16.50/1.79 1802 – 11.54 
10 1 10.72/1.25 23.40/2.22 1864 – 5.05 
11 2 8.20/1,12 19.50/1.71 1860 – 11.43 
12 5 8.83/1.74 12.70/1.41 1684 – 7.64 
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Table 4. Technological properties of anhydrite compositions  
# 
Con. 
% 
Water 
requirement 
% 
Flowability of Mix 
[mm] 
Setting time of mortar mixes [min] 
Water-retention 
ability % 
pH 
initial final 
Galvanic sludge 
C1 – 26 170 252 410 82.6 5.55 
1 0.3 21 161 195 288 89.8 6.87 
2 0.5 23 167 273 405 94.4 7.66 
3 2 23 163 234 354 92.5 7.87 
4 5 26 161 185 311 90.8 8.92 
Chromia-alumina catalyst 
C2 – 26 170 210 458 84.6 5.38 
5 1 25.5 161 145 195 86.1 5.97 
6 5 26.5 166 222 455 88.0 6.02 
7 10 2.,5 169 275 418 79.7 7.84 
8 15 30.7 156 285 395 91.9 7.57 
Carphosiderite 
9 0.5 25 152 155 170 97.4 6.98 
10 1 24 150 115 245 96.6 6.38 
11 2 24.4 165 240 365 97.3 6.18 
12 5 26 175 110 204 77.0 5.14 
 
The addition of modifiers such as ACC, fired GC and CS is making the formation of regularize fine-crystalline structure 
with more compact packing of crystals. It creates the growing number of contacts between crystalline structures and makes 
the density of matrix.  
The amorphous growths increasing the square of contacts as between crystals and such as account of filling the pores 
between crystals were found (Fig. 3(b–d)). It brings to increasing of strength.  
Thus, in view of the results of physic-chemical methods of composition and properties of powders, the efficiency of 
applying fine dispersed modifying additives such as ACC, fired GS and CS in anhydrite compositions was confirmed.  
 
   
 a b c d 
Fig. 3. The microstructure of modified anhydrite matrix to different amplifications: a – without additive (x 5000);  
b – with ACC addition (x 3000); c – with addition of GS baked at the temperature to 800 °C (x 5000); d – with addition CS (x 3000) 
4. Conclusions 
The analyses of physical-technical properties of modified anhydrite binders is testifying of increasing strength on 7th and 
28th days and decreasing water absorption to optimum content of additives. The technological properties of mortar mixes are 
rising. The setting times (initial and final) are reducing, the demanding flowability and coherence are continuing and also 
increasing the water absorption ability of mortar mixes. 
The increase of strength properties ware established in the case of samples with additive of GS baked at the temperature 
800 °C to 49–51% in comparison with control samples. The water absorption ability is increasing on 6.2–11.7%. The 
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resistance to water attack estimating to softening factor (Ksf = 0.56–0.67) allows to relate it to binders with increasing 
resistance to water attack. It could be explained by hydration process of calcium ferrites. 
The usage of ACC in anhydrite compositions allows to enhance the physical-mechanical properties in 1.4–2.8 times and 
water absorption ability of mortar mixes by 4.2–6.6%. 
The application of CS increases the strength properties more than in 2.5 time and water absorption ability on 17–18%. 
Anhydrite binders modified by ACC and CS relate to not resistance to water attack (Kfs<0.45). The middle density of 
materials is 1680–1980 kg/m³. This property depends on type and concentration of additive, in such away, the concretes on 
the base of anhydrite binders relate to facial class. Depending on requirements the composing anhydrite binders may be 
applied in compositions for preparing the foundations under floors (M100-M200) with following trimming of parquet, 
linoleum, mosaic.  
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